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Modified Lipid Content Affects Daptomycin-Membrane Interactions
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Daptomycin is an anionic membrane active antimicrobial lipopeptide used to
treat serious infections caused by gram-positive bacteria. It causes target mem-
brane depolarization by forming oligomeric pores that allow leakage of potas-
sium ions, but the complete mechanism of action is unresolved. Antibiotic
function is calcium dependant and requires the presence of anionic phospho-
lipids like phosphatidylglycerol (PG) in the target membrane. Because of its ef-
ficacy in treating infections resistant to many front-line antibiotics, the recent
emergence of strains displaying reduced daptomycin susceptibility is troubling.
These quasi-resistant strains have modified membrane lipid content, including
an increased presence of cardiolipin (CL) and lysyl-PG, the latter possibly due
to the observed up-regulation of mprF, a gene that codes for a protein with
lysyl-PG synthase and flippase activity. Using monolayer and bilayer model
systems, we sought here to study the effects of the presence of CL on daptomy-
cin binding to PG-containing membranes. Surprisingly, isothermal titration
calorimetry (ITC) revealed that daptomycin-membrane affinity increased
when small amounts of CL was present and continued to increase until 10
mol%, above which the trend reversed drastically. Results from Langmuir
monolayer insertion experiments also show that CL affects the degree of
drug insertion into PG-containing lipid films as determined by greater increases
in surface pressure after daptomycin was injected into the aqueous subphase
when CL was present. Preliminary results from monolayer insertion experi-
ments in which lysyl-PG was included in the films indicate that this lipid
also significantly affects drug-monolayer interactions. We hypothesize from
these results that alteration of the lipid content of bacterial membranes repre-
sents an important component of the potential resistance mechanism and should
be considered in the development and formulation of the next generation of
membrane targeting antibiotics.
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Dermcidin (DCD) is a peptide found in human sweat which exerts an antimi-
crobial activity by pore formation in bacterial membranes. Structural studies
show that a channel-like assembly is formed by a hexamer of the a-helical
peptide. In order to understand how differences in membrane lipid composi-
tion may explain the selectivity of the antimicrobial activity of DCD, we per-
formed coarse-grained molecular dynamics simulations to study the
orientation of the hexameric channel structure of DCD in various lipid bila-
yers. Our results indicate that, the DCD channel exhibits a tilted orientation
when embedded in lipid bilayers, and the tilt angle depends on the thickness
of the bilayer. The thicker the bilayer, the less the tilt. The presence of choles-
terol, which thickens the bilayer, also reduces the tilt angle. Therefore, we
believe the hydrophobic mismatch plays a key role in determining the orien-
tation of the DCD oligomer in membranes. Also, all-atom molecular dynamics
simulations were performed to investigate the conductance of the channel with
different orientations. We believe that the tilt angle of DCD may be related to
its antimicrobial activity, probably by modulating the ion/water permeability
through the channel.
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Modelling the Interactions of Equinatoxin II with Micelles
Daniel Weber1, Shenggen Yao1, Gregor Anderluh2, Terry Lybrand3,
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Equinatoxin II (EqtII) is a 179-residue toxin from the venom of the sea anem-
one Actinia equina. EqtII is a member of the actinoporin family of proteins,
which have potent lytic activity towards membranes containing sphingomyelin
(SM). To gain insight into the atomic-level details governing SM selectivity, a
series of all-atom molecular dynamics simulations were performed to model
the binding of EqtII to micelles of n-dodecylphosphocholine (DPC) and
DPC/SM. These models are in good agreement with concurrent high-
resolution solution NMR studies and prior data [1, 2] that suggests membrane
binding is dependent on a conserved cluster of aromatic amino acids. From this
groundwork study, further simulations will be performed to investigate EqtIIoligomerisation and membrane insertion to determine the mechanism of pore
formation.
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Hydrophobic amino acids are abundant in transmembrane (TM) helices of
membrane proteins. Charged residues are sparse, apparently due to the unfavor-
able energetic cost of partitioning charges into non-polar phases. Nevertheless,
conserved arginine residues within TM helices regulate vital functions, such as
ion channel voltage gating and integrin receptor inactivation. The energetic
cost of arginine in various positions along hydrophobic helices has been contro-
versial. Potential of mean force (PMF) calculations from atomistic molecular
dynamics simulations predict very large energetic penalties, while in vitro ex-
periments with Sec61 translocons indicate much smaller penalties, even for
arginine in the center of hydrophobic TM helices. Resolution of this conflict
has proved difficult, because the in vitro assay utilizes the complex Sec61 trans-
locon, while the PMF calculations rely on the choice of simulation system and
reaction coordinate. Here we present the results of computational and experi-
mental studies that permit direct comparison with the Sec61 translocon results.
We find that arginine can be accommodated at the center of a hydrophobic TM
helix without a significant energetic penalty for peptides designed using tem-
plates from the in vitro Sec61 experiments. Furthermore, the translocon assay
seems to underestimate the probability of insertion compared to our computa-
tional results. We show that a combination of arginine snorkeling, bilayer
deformation, and peptide tilting is sufficient to lower the penalty of arginine
insertion, thus providing an explanation for the differences between PMF-
and experiment-based burial penalties.
This research was supported in part by the National Institute of General Med-
ical Sciences (GM-74737 and GM-86685 to S.H.W) and a Marie Curie Inter-
national Fellowship (to M.B.U).
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We report the first computational description of the membrane translocation
mechanism and pathway of two antimicrobial peptides, PGLa from X. laevis
(charge þ5), and maculatin from L. genimaculata (charge þ2), via multi-
microsecond MD simulations. At P/L=1:20-50, assembly of monomers into
higher oligomeric aggregates, or the formation of pores, is not observed for either
peptide. Instead, individual monomers are transported across the bilayer in a two-
stage mechanism in which charged side-
chains are separately translocated via assis-
tance of other peptides. Transmembrane
inserted water-free intermediate states are
observed that are stable over many micro-
seconds.Ourproposedmechanismdisagrees
with earlier models of antimicrobial bilayer
penetration, and suggests that translocation
of highly charged peptides across a mem-
brane is simpler than previously thought.Protein-Lipid Interactions II
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Ion Transport and Electrochemical Gradients under DC and AC Signals
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The cell must be able to exchange materials with its surrounding environment
via the plasma membrane in order to survive. Here we investigate passive ion
298a Monday, February 17, 2014transport across reconstituted lipid bilayers and compare ionic flow through
gramicidin A channels under applied DC and AC signals. For these measure-
ments, we adapted a Planar Lipid Bilayer workstation with a frequency mudu-
lator in order to handle applied AC signals and focused our studies to lithium
transport to correlate with previous measurements of lithium effects on lipid in-
teractions. Studying the behaviour of lipid bilayers under AC voltages will
allow for further insight on how the cell’s plasma membrane reacts to suddent
variations in voltages.
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To examine the function of ligand-gated ion channels in a defined membrane
environment we developed a robust sequential-push fluorescence-based
stopped-flow assay. The method is based on earlier studies (Moore and Raf-
tery, PNAS, 1980, 77, p. 4509) (Karpen et al, Anal. Biochem., 1983, 135, p.
83) (Ingo´lfsson and Andersen, 2010, Assay Drug Dev. Technol., 8, p. 427), in
which channel activity is determined using a channel-permeable quencher
(e.g., thallium, Tlþ) of a water-soluble fluorophore (ANTS) encapsulated in
large unilamellar vesicles in which the channel of interest has been reconsti-
tuted. To validate the method, we explored the activation of wild type (WT)
as well as a non-inactivating (E71A) mutant KcsA channels, by extravesicular
protons (Hþ). For either channel type, the day-to-day variability in the recon-
stitution yield (as judged from the time course of fluorescence quenching) is
less than 10%. WT and E71A KcsA activation curves are indistinguishable,
and the activation curve for E71A KcsA is similar to that obtained previously
using single-channel electrophysiology (Thompson et al., 2008, PNAS,
105(19):6900). We then investigated the regulation of KcsA activation by
changes in lipid bilayer composition. We found that increasing the acyl chain
length (from C18:1 to C22:1 in di-acyl-PC), but not the mole fraction of
POPG (above 0.25) in the bilayer-forming phospholipid mixture, alters
KcsA proton gating. The bilayer thickness-dependent shift in the activation
curve indicates an apparent decrease in Hþ affinity and cooperativity. The
method’s reproducibility, control over bilayer environment and time resolu-
tion makes it a powerful assay for exploring ligand-activation and inactivation
of ion channels, and how these processes vary with changes in the channels’
lipid bilayer environment.
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Recent studies have demonstrated that annular lipids may directly change
the conformation of a voltage-gated ion channel (lipid-dependent gating).
We found it was challenging to insert membrane proteins into a bilayer
that mimics a eukaryotic cell membrane, especially the membranes that
contain sphingomyelin and cholesterol. A new system is needed to over-
come this technical barrier. In this study we developed a stable unilamellar
vesicle system that is supported by unidirectionally inserted membrane pro-
teins, and offers the capability of controlling lipid composition with relative
ease. A voltage-gated potassium channel, KvAP, was used as a model sys-
tem, and was selectively anchored onto the surface of micron-sized beads.
Our data suggest that with a high surface density of channel molecules, it
is feasible to introduce various lipids and form a continuous unilamellar
membrane around the beads. The unilamellar nature of the bilayers was
demonstrated by cryo-electron microscopic observations. The functionality
of the channels in the membrane was examined by electrical recordings
of their voltage-gated activities. Our results showed cholesterol, even at a
low concentration, exerts strong effects on the open probability of the
KvAP channel. We anticipate that this novel membrane system will provide
a new technique to study how lipids influence the function of membrane
proteins.1521-Pos Board B251
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Paddle domains in voltage-gated Kþ channels exert their function to mediate
voltage gating by altering their positions depending on membrane potential.
Two Arg-rich paddle domains, KvAPp from the Kv channel from Aeropyrum
pernix and HsapBKp from the BK channel from Homo sapiens, have been
shown to be able to induce a thinning of a bilayer which may be the key
of gating mechanism. However, differences between the two paddle domains
were also observed, e.g., calcein leakage in large unilamellar vesicles
induced by HsapBKp is more pronounced and HsapBKp can probably un-
dergo structural transitions indicated by other spectroscopic results. The
presence of a Trp in HsapBKp but not in KvAPp may be the reason for
the different direct membrane effects. Therefore, in this study we have inves-
tigated the role of the Trp in the human BK channel. We have used a range
of spectroscopic techniques to elucidate the role of the Trp residue by study-
ing HsapBKp and a variant where Trp was replaced by Ala, and KvAPp and
the variant where Ala was replaced by Trp. As a comparison, we also inves-
tigated a model transmembrane peptide, KALP21, and a variant of this pep-
tide where an Ala residue in the middle of the hydrophobic region was
substituted by Trp. The results show that a Trp in the middle of the sequence
alters the structure, and changes the way that the motifs interact with lipids.
A Trp promotes disruption of fast-tumbling small bicelles as well as magnet-
ically aligned bicelles. The presence of a Trp residue explains the differences
by which the Arg-rich motifs from the Kv and BK interact with the
membrane.
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The common use of detergents in solubilizing integral membrane proteins to
allow for their purification and biophysical study involves the complete
disruption of the lipid bilayer, which can result in a decrease of protein stabil-
ity and function. We report here the detergent-free solubilization and affinity
purification of the tetrameric potassium channel KcsA in native nanodiscs sta-
bilized by a styrene-maleic acid (SMA) copolymer. The polymer self-inserts
into the membrane and stabilizes and isolates discoidal proteolipid particles,
thus conserving the native lipid environment of KcsA. Analysis of the lipids
isolated from native nanodiscs by thin layer chromatography and mass spec-
trometry revealed an enrichment of the anionic lipids cardiolipin and phospha-
tidylglycerol in close proximity to the channel. Using an SDS-PAGE assay as
well as circular dichroism and fluorescence spectroscopy, we found the ther-
mal stability of the KcsA tetramer to be higher in native nanodiscs as
compared to detergent micelles. Together, these findings highlight the poten-
tial of the use of native nanodiscs as a general tool in the study of membrane
proteins.
Key words:
lipid-protein interactions, styrene-maleic acid copolymer, nanodisc,
membrane-protein solubilization, KcsA.
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Memory and learning are believed to be regulated by the strength of the con-
nections in the synapses of the 100 billion neurons in the human brain. In the
synapse the signal is transmitted between the presynaptic axon and the postsyn-
aptic dendrite by neurotransmitters. The postsynaptic site is usually a protru-
sion on the dendrite called dendritic spine. Receptors in the membrane of the
dendritic spine define the strength of a synapse. Thus the strength and stability
of synapses are stored in the dendritic spine and are thought to be dependent on
spine morphology (Yuste & Bonnhoeffer, 2001). Therefore the mushroom
shape of mature dendritic spines is predicted to function as a receptor trap,
locally increasing receptor density.
We developed a mimetic system to investigate dendritic spine morphology and
its effects on receptor confinement and diffusion. Giant unilamellar vesicles
